SUMMARY The importance of inadequate haemoglobin synthesis and ineffective erythropoiesis in the anaemia of rheumatoid arthritis was studied by measuring the incorporation of 15N glycine into haemoglobin haem and early labelled bilirubin in a patient with severe anaemia before and after response to gold therapy. Initially, total erythroid haem turnover was decreased but haem turnover due to ineffective erythropoiesis was markedly increased, accounting for 29 %0 of total erythroid haem turnover. Gold therapy resulted in marked clinical improvement, accompanied by a rise in haemoglobin to normal. Total erythroid haem turnover increased and the percentage ineffective erythropoiesis fell to normal. Ineffective erythropoiesis may thus be an important reversible factor in the produc.ion of the anaemia of rheumatoid arthritis.
Anaemia is frequently present in patients with active rheumatoid arthritis (Jeffrey, 1953; Freireich et al., 1957; Roberts et al., 1963; Mowat, 1971) . In common with the anaemia of other chronic disorders it is characterized by a low serum iron and a low total iron-binding capacity with normal or increased reticuloendothelial iron stores. It is usually normocytic and normochromic but microcytosis or hypochromia may also be seen, either singly or in association (Cartwright, 1966) . The mean cell life is usually slightly shortened; there is rapid clearance of iron from the plasma but incorporation of exogenous 59Fe transferrin into red cells is normal or only slightly reduced (Freireich et al., 1957; Weinstein, 1959; Roberts et al., 1963) . It is therefore thought that the anaemia results from failure of red cell production rate to increase to compensate for the slight increase in the rate of destruction. Although 59Fe bound to transferrin is incorporated reasonably well into red cells, endogenous iron, derived from red cells labelled with 59Fe or from 59Fe dextran, is poorly utilized. Impaired release of iron from the reticuloendothelial system is therefore thought to be the major cause of the inadequate haemoglobin synthesis (Weinstein, 1959; Haurani et al., 1965; Lawson et al., 1967; Beamish et al., 1971; Bennett et al., 1974) . Failure of erythropoietin production may be an additional factor (Cartwright, 1966) .
Accepted for publication June 30, 1976 Correspondence to Dr. J. M. Gumpel Ineffective erythropoiesis has not been considered a feature of the anaemia of chronic disorders, although morphological evidence of dyserythropoiesis is commonly seen in the bone marrow. We therefore undertook a quantitative study of ineffective and effective haem synthesis in a patient with classical anaemia of rheumatoid arthritis by measuring total bilirubin turnover rate and the incorporation of 15N glycine and 15N 6-aminolaevulinic acid (ALA) into haemoglobin and early labelled bilirubin. After administration of 15N glycine and its incorporation into haem, labelled red cells appear in the circulation reaching a plateau at about 10 days. Their subsequent destruction gives rise to a peak of labelled bile pigment excretion at the end of the mean cell life span. A peak of labelled bile pigment production also occurs during the first 10 days after 15N glycine administration, which in normal subjects accounts for 10-20% of total labelled pigment production. This early labelled peak arises partly from intramedullary cell death, i.e. ineffective erythropoiesis, but some early labelled bile pigment also arises from the breakdown of hepatic haem proteins so that the contribution of the hepatic component of the early peak must be assessed in order to quantitate ineffective erythropoiesis. In contrast to glycine, exogenous ALA which is the successor of glycine in the haem synthetic pathway, is incorporated almost exclusively into hepatic haem (Berlin et al., 1969) . The early labelled bilirubin peak resulting from the administration of 15N ALA can therefore be used to calculate hepatic haem turnover and hence the hepatic contribution to the early labelled peak resulting from 15N glycine administration. Using the clearance of 14C bilirubin to measure total haem turnover rate, the rates of haem turnover due to effective erythropoiesis and ineffective erythropoiesis can then be calculated, as previously described (Samson et al., 1976a Before starting gold therapy she had a persistent normochromic microcytic anaemia which had not responded to oral iron (see Table 1 ). No evidence of blood loss from the gut was found and there was no postmenopausal bleeding. The anaemia was associated with a markedly raised ESR, a low serum iron, and a low normal total iron binding capacity. Bone marrow aspiration showed adequate reticuloendothelial iron stores and normoblastic erythropoiesis with morphological evidence of dyserythro- 
Methods
These have been described in full elsewhere (Samson et al., 1976a) . The patient was admitted to a metabolic ward for a 20-day study period immediately before gold therapy. On day 0, 20 mg 15N ALA was given by rapid intravenous injection, and on day 10, when the early peak resulting from ALA administration was over, 50 mg 15N glycine was given by rapid intravenous injection. Stercobilin was isolated from individual stool samples by the method of Watson (1934) as modified by Gray and Scott (1959) . Blood samples were taken three times weekly and haemin isolated by the method of Labbe and Nishida (1957) . The atom percent excess 15N in the stercobilin and haemin samples was determined in an MS20 mass spectrometer. The total daily bilirubin production rate was determined by the clearance of 14C bilirubin, and from this and the atom percent excess 15N of the stercobilin the percentage incorporation of both precursors into bilirubin over the 10-day period was calculated (see Table 2 ). Similarly, from the 15N concentration of the haemin and the total red cell mass, measured with 51Cr, the percentage incorporation of glycine into haemoglobin haem was calculated (Table 2) . In October 1974, after 2 years of gold therapy, the total bilirubin turnover rate and the incorporation of 15N glycine into haemoglobin haem were again measured. The patient gave informed consent to the studies, which had been approved by Northwick Park Hospital Ethical Committee and the MRC Isotope Advisory Panel.
CALCULATIONS
Initial study Total bilirubin turnover rate (BRT), bilirubin production from hepatic haem turnover (BRHEP), from ineffective erythropoiesis (BRIE), and from the destruction of circulating red cells (BRRBC), and the percentage ineffective erythropoiesis were calculated from the total haem turnover rate (bilirubin production rate) and the isotope incorporation as previously described (Samson et al., 1976a) . The potential haemoglobin, i.e. that which would have been achieved at the same total erythroid haem turnover rate if there had been no increase in ineffective erythropoiesis, was also calculated (Samson et al., 1976b increased (Table 2 ). The incorporation of 15N ALA into early labelled bilirubin was normal, indicating that hepatic haem turnover was within the normal range (1-56 ,umol/kg per day, mean ± SD 1-30 ± 0-55). The increased incorporation of 15N glycine into the early labelled peak was therefore due to increased ineffective erythropoiesis, Total haem turnover, measured by the clearance of 14C bilirubin, was reduced (5 96 ,umol/kg per day, mean ± SD 6 75 ± 046) (see Fig.) and since hepatic haem turnover was normal, this was due to a decreased total erythroid haem turnover (4 40 .tmol/ kg per day, mean ± SD 5 46 ± 0 50). Because of the increased percentage ineffective erythropoiesis (29 %, mean ± SD 8 ± 3) the rate of effective haem synthesis was considerably reduced (3-13 ,tmol/kg per day, mean ± SD 503 ± 0-51) and the haem turnover rate due to ineffective erythropoiesis was actually increased (1 27,tmol/kg per day, mean ± SD 0 45 ± 0-17). The potential haemoglobin, i.e. that which would have been achieved at the same level of total erythroid haem turnover if the percentage ineffective erythropoiesis had been normal, was 11-3 g/dl.
When studied after gold therapy, total haem turnover had risen to normal (7.35 gtmol/kg per day).
Assuming hepatic haem turnover to have remained constant, this indicated a rise in total erythroid haem turnover to 5 78 l±mol/kg per day. According ineffective erythropoiesis before and after gold therapy in the patient studied. BRT is total haem turnover rate (total bilirubin turnover rate). BRRBC and BRIE are haem turnover rates due respectively to effective and ineffective erythropoiesis, and (BRRBC+ BRIE) is total erythroid haem turnover rate. The shaded area shows the range ofvalues in 4 control subjects (Samson et al., 1976a). to the above calculations, effective haem turnover was now 5-29 ,umol/kg per day, so that ineffective haem turnover was 0 49 ,umol/kg per day, i.e. 10% of total erythroid haem turnover. Although there may be a small error in this estimate owing to the assumption of a constant value for hepatic haem turnover, the difference from the pretreatment value is too great to be accounted for by a variation in hepatic haem turnover rate. In view of the consistently normal liver function tests, there was no evidence that liver function had altered between the two periods of study.
Discussion
Before gold therapy the patient had a moderately severe anaemia associated with active generalized rheumatoid arthritis. The slight microcytosis, low serum iron and iron binding capacity with adequate marrow iron stores were all characteristic of the anaemia of chronic disorders. At this time total erythroid haem turnover was marginally reduced (see Fig.) , consistent with failure of iron utilization and/or insufficient erythropoietin production. Ineffective erythropoiesis accounted for 29% of total erythroid haem turnover, so that effective haem turnover was considerably reduced. In the absence of an increase in ineffective erythropoiesis the haemoglobin would have been 11 3 g/dl, which is approximately halfway between the actual level (8-7 g/dl) and the expected normal level. Failure of haemoglobin synthesis and ineffective erythropoiesis were therefore of equal importance in the production of the anaemia in the present case. The low incorporation of 59Fe into red cells is consistent with this interpretation. Since 59Fe incorporation is usually normal or only slightly reduced in the anaemia of rheumatoid arthritis the increase of ineffective erythropoiesis in the present case may be unusually high. Nevertheless it is likely that ineffective erythropoiesis is a factor in the production of this type of anaemia.
After successful treatment of the arthritis with gold, all the parameters returned to normal (see Tables 1, 2 , Fig.) . Both the failure of haemoglobin synthesis and the ineffective erythropoiesis were therefore reversed by gold therapy. 
